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of this literature, see Galster 2008; Leventhal, Dupéré, and Brooks-Gunn 2009; Zimmerman and Messner 2010; Chilenski 2011; KarrikerJaffe 2011; Foster and Brooks-Gunn 2012; Jackson, Denny, and Ameratunga 2014; and Oakes et al. 2015) , numerous questions remain as to the magnitude, mechanisms, and contingent natures of such effects and the extent to which these effects shape the short-and long-term opportunities available to children.
In this paper, we assess the effects on lowincome, minority youth of early and sustained residence in different kinds of neighborhoods on their involvement in risky behaviors during adolescence. Specifically, we investigate whether running away from home, using aggressive or violent behavior, or marijuana use was statistically related to a wide variety of conditions in the neighborhoods in which the youth were raised. To answer these questions, we use administrative and survey data from Latino and African American current and former public housing tenants who were exposed to a naturally occurring experiment in Denver, Colorado, and whose children resided in public housing for substantial periods during childhood. Our survey of caregivers provides retrospective information on a battery of youth outcomes, child, caregiver and household characteristics, and perceived neighborhood contexts. Administrative data provide us with a rich array of neighborhood environmental contexts.
Our paper introduces several methodological innovations to the study of spatial inequality. First, we use a natural experiment using quasi-random allocation to subsidized public housing units in Denver to assess neighborhood effects on low-income Latino and African American children. We rigorously test the degree to which this initial assignment process mimicked a random process and determine through a series of balancing tests and Monte Carlo simulations that this indeed was the case. Therefore, the natural experiment in our study likely removes the correlation between any remaining unobservable parental characteristics that potentially affect both the location initially assigned by the City and County of Denver Housing Authority (DHA) and subsequent initiation of child risky behaviors that may follow from this location. The potential for selection biases to reappear grows, however, as time passes since initial assignment. Therefore, we use instrumental variable estimates of neighborhood environment for those locations where families moved after initial assignment to assess the robustness of our results.
Our work advances the literature on neighborhood effects on children's risky behavioral outcomes in three ways. First, because the primary caregivers of sampled children were quasi-randomly assigned to neighborhoods when they first entered the public housing program, the challenge of parental geographic selection bias has been substantially overcome. Second, we evaluate an unprecedented variety of measures of neighborhood environmental contexts measured at different spatial scales. Third, in contrast to previous studies that have focused primarily on the experiences of lowincome, African American children, we examine differences in these effects for Latino children as well.
theOre tIca l a nd eMpIrIca l lIter at ure re V Ie w Since the late 1980s, interest in the investigation of neighborhood effects on child and youth outcomes has revived among social scientists (Wilson 1987; Billy, Brewster, and Grady 1994; Leventhal and Brooks-Gunn 2000; Zimmerman and Messner 2010; Jackson, Denny, and Ameratunga 2014) . This wave of neighborhood effects research has been motivated by a growing recognition of the complex, multisystem constellation of risk factors that increases the vulnerability of children (Werner and Smith 1982; Rutter 1989; Sameroff et al. 1993; Foster and Brooks-Gunn 2012; GilliardMatthews et al. 2015) . Underlying the study of neighborhood developmental contexts is the assumption that children and youth who face a multitude of adverse conditions and risk factors in their neighborhoods tend to have poorer outcomes as well as constrained access to opportunities across childhood and into adulthood (Coulton and Korbin 2007 ). Yet, scholarship to date has not conclusively ascertained whether any bona fide causal connection exists between neighborhood and child outcomes and, if so, what the underlying s Pa t i a l f o u n d a t i o n s o f i n e q u a l i t y r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s causal mechanism is. In the next section, we provide an overview of the theoretical literature that examines how neighborhoods might influence youth risky behaviors and assess the extant empirical literature testing these purported associations.
How Neighborhoods Might Influence Child and Adolescent Risky Behaviors
The theoretical framework that underlies much of the existing literature is Bronfenbrenner's ecological systems model of human development, which postulates that children's developmental outcomes are shaped by the proximal (for example, family) as well as distal (for example, neighborhood) contexts in which children live and interact (for example, Bronfenbrenner and Morris 1998). Ecological systems theory argues that neighborhood may influence children's behavior through an array of causal mechanisms operating through social, institutional, or biological processes (see Duncan, Connell, and Klebanov 1997; Gephart 1997; Leventhal and Brooks-Gunn 2000; Sampson 2001; Sampson, Morenoff, and Gannon-Rowley 2002; Leventhal, Dupéré, and Brooks-Gunn 2009; Harding et al. 2010; Galster 2012; Foster and Brooks-Gunn 2012; and Oakes et al. 2015) . The potential mechanisms relevant for risky behaviors include peer influences, socialization and social control, exposure to violence and social disorder, and local institutional resources. Because these mechanisms are well documented in the literature, we describe them only briefly.
Peer Influences
Youth may develop and modify attitudes, values, behaviors and expectations about running away, use of aggressive or violent behavior, or marijuana use as a result of interactions with similarly aged neighborhood peers as well as peer pressure (Case and Katz 1991) . These peer effects may be transmitted among youth through peer interaction and social learning (Crane 1991; South, Baumer, and Lutz 2003) .
Socialization and Social Control
Youths' attitudes, values, behaviors and expectations about the use of aggressive or violent behavior and marijuana drug use may be shaped by neighborhood adult role models and norms enforced by the community or local culture (Wilson 1987; Sampson 2001; Burlew et al. 2009; Foster and Brooks-Gunn 2012) .
Exposure to Violence and Social Disorder
Exposure to neighborhood violence may lead to early initiation of risky behaviors as a way of coping with the heightened levels of stress associated with such exposure (Lambert et al. 2004; Tyler and Bersani 2008; Copeland-Linder et al. 2010; Farrell et al. 2010; Furr-Holden et al. 2011; Jennings et al. 2011; Sampson, Sharkey, and Raudenbush 2008; Sanbonmatsu et al. 2011; Fagan, Wright, and Pinchevsky 2015) .
Local Institutional Resources
Public and private institutions controlling services and facilities for children (for example, medical facilities, parks, recreational centers, counseling or mentoring centers) vary in their quantity and quality on the basis of neighborhood context, thereby affecting access to safe, supervised activities for children and youth differently (Leventhal and Brooks-Gunn 2000; Leventhal, Dupéré, and Brooks-Gunn 2009; Foster and Brooks-Gunn 2012) .
Although evidence supports several of the identified neighborhood effect mechanisms, the specific causal mechanisms that reputedly produce these behavioral outcomes remain poorly understood. No consensus has been reached on which mechanism or mechanisms are the primary pathway or pathways associated with specific behavioral outcomes, which remains a critical realm of future research (Galster 2012; Oakes et al. 2015) .
Prior Evidence on Neighborhood Attributes and Child and Adolescent Risky Behaviors
Neighborhood Concentrated Disadvantage A series of comprehensive reviews of observational studies on neighborhood effects and child and adolescent well-being (see Leventhal and Brooks-Gunn, 2000; Galster 2008; Leventhal, Dupéré, and Brooks-Gunn 2009; Sanbonmatsu et al. 2011; and Foster and Brooks-Gunn 2012) underscore the persistent negative influence of living in socioeconomically disadvan-taged neighborhoods on child and adolescent behavioral outcomes. Across these studies, neighborhood concentrated disadvantage was defined and operationalized using some derivative of a composite measure of tract-level census data including poverty rates, female headship or single parent households, percent African American, and various ratios depicting the relative share of children residing in twoparent families. Citing work spanning several decades of research using data ranging from national longitudinal studies (for example, PSID, NLSY) or case studies in multiple metropolitan areas (for example, LAFANS, PHDCN, Moving to Opportunity), the aforementioned authors report that aggressive, violent or criminal behavior, risky sexual behavior, and externalizing behaviors during adolescence were strongly associated with increasing levels of socioeconomic disadvantage in the neighborhoods in which these youths resided. Further, these youth are more likely to encounter difficulties in adulthood such as unemployment, substance abuse, and mental health disorders (Kellam et al. 2008; Poduska et al. 2008) . However, this purported association between neighborhood disadvantage and marijuana use has not proven as straightforward: some studies (for example, Fite et al. 2009; Mennis and Mason 2012) have reported early initiation of marijuana use in more disadvantaged neighborhoods while others have reported the inverse (Boardman 2001; Bolland et al. 2007; Ford and Beverage 2006; Hoffman 2002; Snedker, Herting, and Walton 2009) or no relationship (Allison et al. 1999 ) at all.
Exposure to Violence
Exposure to high levels of crime and violence has been found in observational studies to further exacerbate behavioral problems during adolescence. Kimberly Tyler and Bianca Bersani (2008) find that early exposure to gun shots, bullying, and residential break-ins, significantly increased the likelihood of running away during mid-adolescence. Dana Haynie and colleagues (2009) find that exposure to neighborhood violence increased the risk of youth running away from home, dropping out of school, teen childbearing, attempting suicide, and having juvenile or criminal justice involvement. Further, increased actual or perceived levels of neighborhood violence were associated with higher levels of physical aggression and violent behavior among youth (Vanfossen et al. 2010; Brook et al. 2011; Foster and Brooks-Gunn 2012) . A recent study by Abigail Fagan, Emily Wright, and Gillian Pinchevsky (2015) reports higher marijuana use among youth who experienced violence victimization.
Experimental Evidence
The causal interpretation of these neighborhood-behavioral outcome relationships measured in these observational studies is subject to many methodological challenges, however, perhaps the most daunting one being geographic selection bias (Galster 2008) . A consensus has developed that studies based on random-assignment experiments or natural quasi-experiments that mimic the random assignment of households to neighborhoods are the strongest designs to estimate unbiased neighborhood effects and to generate reliable causal inferences (Leventhal and Brooks-Gunn 2000; Leventhal, Dupéré, and Brooks-Gunn 2009; Oakes et al. 2015) .
The only extant example of either of these random or quasi-random neighborhood assignment approaches relevant to child and adolescent risky behaviors is the well-known Moving to Opportunity (MTO) demonstration (Gennetian, Sanbonmatsu, and Ludwig 2011; Sanbonmatsu et al. 2011) . Early findings suggested substantial reductions on girls' rates of risky behaviors and boys' drug use attributed to residence in lower-poverty neighborhoods (see Gennetian, Sanbonmatsu, and Ludwig 2011; Goering and Feins 2003) . However, after initial declines in risky behavior, boys living in lower-poverty neighborhoods four to seven years after their first move were more likely to reengage in risky behavior (see Sanbonmatsu et al. 2011) . By the end of the demonstration project, girls assigned to low-poverty neighborhoods were less likely to have serious behavioral problems. Group differences on more serious antisocial, problem or criminal behavior were not significant (Sanbonmatsu et al. 2011) .
As provocative as these findings are, because of methodological and operational shortcom-s Pa t i a l f o u n d a t i o n s o f i n e q u a l i t y r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s ings, they do not settle unambiguously all questions about neighborhood impacts on children's initiation of risky behavior (see extensive discussion in Sampson 2008) . First, MTO randomly assigned participants to one of three comparison groups but not to their specific initial or subsequent neighborhoods, thereby enabling potential self-selection of neighborhood characteristics by anyone in the study. Second, after the first year of residence in a low-poverty location, households in the treatment group were free to move to different, higher-poverty neighborhoods if they desired; as Tom Kingsley and Kathryn Pettit (2007) note, 85 percent did so. As a result, relatively few MTO treatment group households experienced sustained exposure to low-poverty neighborhoods. Third, the low-poverty neighborhoods where treatment group households lived typically had inferior public services, limited access to transportation and jobs, and primarily racial or ethnic minority residents (Sampson 2008) . Fourth, the separable impacts of different aspects of the residential environment cannot be ascertained given the "bundled" nature of the "treatment" being applied in MTO.
Thus, the existing literature has not provided definitive evidence about the potential behavioral benefits to low-income Latino and African American youth from sustained residence in more-advantaged, safer and opportunity-rich neighborhoods. Our study hopes to contribute clarification by leveraging a natural experiment related to the DHA.
data
The Denver Child Study derives its study population from a natural experiment involving the Denver Housing Authority's conventional and dispersed housing programs. Since 1969, the DHA has operated a dispersed housing program providing approximately 1,500 lowincome families with opportunities to live in scattered-site, single-family and small-scale, multifamily units in addition to approximately three thousand units of conventional public housing. Unlike the conventional developments, which tend to be located in lessadvantaged neighborhoods, dispersed housing units are found in approximately 60 percent of all neighborhoods throughout the city and county of Denver. From 1987 onward, eligible applicants who came to the top of the common DHA wait list were offered vacant housing units in either conventional or dispersed programs appropriate for their family size and gender of children. Applicants who did not accept their initial offer received a second offer for the next similarly sized unit that became available. Applicants who did not accept this second offer were dropped to the bottom of the wait list, creating a wait of a year or more (see Santiago et al. 2014) . Although nearly nine out of ten applicants accepted their first or second offers and three-quarters of all DHA applicants accepted housing units in their initially assigned neighborhoods, a nontrivial number of applicants did not, which prompted us to assess the DHA initial assignment process more closely.
We conducted an array of statistical balancing tests to ascertain the extent to which applicants were quasi-randomly assigned neighborhood characteristics through the DHA housing allocation process (for details, see appendix A). Findings demonstrate that the process mimicked random assignment but with one notable exception. African American households in DHA, regardless of their size, tended to be concentrated in areas with higher percentages of African Americans. Although we cannot ascertain whether this pattern was the result of any systematic actions by the DHA or geographic self-selection by African American applicants, the outcome was inconsistent with quasi-random assignment of this neighborhood characteristic. To address this inconsistency, our statistical analyses are stratified by ethnicity and results involving neighborhood racial mix should be interpreted with caution.
Of course, bias can arise after initial assignment due to potential selection on unobservables that affect who stays and who leaves their original DHA dwellings.
1 To avoid such bias, we use instrumental variables (IV) for neighborhood characteristics. We are therefore con-1. In the analyses reported here, between 62 and 67 percent of study youth were residing in the neighborhood originally assigned by DHA. r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h 17 5 fident that the relationships we observe between neighborhood characteristics and youth behaviors can be interpreted in causal terms rather than in relation to parental geographic selection.
Another important feature of our natural experiment in Denver is the comparatively long exposures children in DHA households had to their assigned neighborhoods. Our sample had a six-year mean (five-year median) DHA residential duration, approximately twice as long as reported for the MTO experimental group (mean = 2.7 years; median = 3.3 years). Previous studies underscore the importance of accounting for the duration of neighborhood exposure to estimate the true effects that neighborhoods have on youth outcomes (Wodtke, Hardling, and Elwert 2011; Crowder and South 2011; Chetty, Hendren, and Katz 2015) .
Although this is a case study from a single metropolitan area, we believe that our findings can be generalized to other low-income, Latino and African American families who apply for and remain on the waiting list long enough to obtain public housing. It may not be fully generalizable to the population of minority families who obtain subsidized rental housing, and certainly may not be to the larger population of minority families who qualify for housing assistance. Nevertheless, it is similar to-yet considerably more general than-the populations forming the samples for the MTO-based scholarship noted earlier.
Denver Child Study Retrospective Survey and Analysis Sample
At the core of the Denver Child Study was a retrospective survey administered to current and former DHA residents identified as primary caregivers whose families entered DHA during the period between January 1, 1987, and December 31, 2005; had resided in DHA for a minimum of two years; had at least one child under eighteen when they moved into DHA; and were of Latino or African American ethnic origin.
2 Attempts to recruit subjects for the study were made by mail and phone, in both English and Spanish when appropriate. Surveys were administered by phone or in person between April 2006 and February 2008 to all eligible caregivers with valid contact information (N=1,334). A total of 710 caregivers and their 1,702 children met all of the eligibility criteria for the study, yielding a final response rate of 53 percent. Caregivers were asked about their children's physical and mental health, education, exposure to violence, risky behaviors, employment, and marriage and childbearing. Additionally, residential histories from birth through age eighteen or age of time of the survey (if younger than eighteen) were compiled for all eligible children in the household. Finally, respondents were asked to provide extensive details about all of the neighborhoods in which the children lived during childhood and about the characteristics of all members of the household corresponding to each place of residence.
Because the outcomes of interest for this study are running away from home, use of aggressive or violent behavior, or marijuana use during adolescence (between ages eight and eighteen), the final analysis sample from the Denver Child Study includes only youth who were at least eight years old at the time of the survey; were randomly assigned to a DHA neighborhood prior to onset of the specific outcomes of interest; resided in DHA for a minimum of two years; and had complete information for all variables used in our analytical models. These criteria resulted in analysis samples of 855 for running away from home, 782 for aggressive or violent behavior, and 742 for marijuana use.
Youth, Caregiver, and Household Characteristics Our analytical models control for an array of youth, caregiver, and household characteristics associated with the initiation of running away from home, use of aggressive or violent behavior, or marijuana use during adolescence (see table 1 ). In addition to controlling for gender and ethnicity, the analytical models control for caregiver age, immigrant status, disability status, educational attainment, and earnings with Santiago et al. 2014, chapter 3) . As shown in table 1, 49 percent of the sample youth were female and 58 percent were Latino. Approximately one out of every five youth were first-or second-generation immigrants. The primary caregiver was, on average, between forty and forty-one years old. One in ten caregivers was disabled. Approximately 63 percent had completed a high school diploma, post-high school technical certificate, or college degree. Caregiver earnings averaged $12,000 across the three analysis samples, ranging from $0 to $66,352. The typical youth had 1.9 siblings and had moved, on average, 3.3 times during childhood. Households experienced, on average, 1.3 economic stressors measured at time of initiation of the specific risky behavior.
Neighborhood Context Indicators
Residential history information obtained on the survey was verified for accuracy and then geo-coded using the U.S. Census Bureau's American FactFinder. We were able to link 92 percent of the residential locations identified by caregivers to a census tract which then permitted us to link these locations to a rich set of census and noncensus neighborhood indicators from two sources: U.S. Census and the Piton Foundation's Neighborhood Facts database. We used linear interpolation or extrapolation to derive annual estimates of neighborhood conditions for the period between 1970 and 2007 (see detailed discussion in Santiago et al. 2014, chapter 3, appendix B) . Because we also asked the caregiver when (if ever) specific outcomes occurred during childhood, we were able to use this timing information to temporally match outcomes with corresponding neighborhood indicators.
In this paper, census indicators for neighborhood ethnic composition (percentage foreign born and African American) and socioeconomic status (social vulnerability index and occupational prestige) were derived from the Neighborhood Change Data Base (a Geolytics proprietary product). Our composite measure of neighborhood disadvantage, which we call our social vulnerability index, was estimated using principal components analysis that across the 1970 to 2000 censuses consistently produced a single component composed of the roughly equally weighted sum of census tract percentages of poor, unemployed, renters, and female household heads. Index scores range from 0 to 400 and the Cronbach's alpha for this index was 0.910.
We compute an occupational prestige score based on the 1989 General Social Survey prestige score by occupation (Davis et al. 1991) weighted by the observed proportional distribution of occupations of employees in the census tract. This scale has a minimum possible score of 29.44 (when all employees are laborers) and a maximum possible score of 62.24 (when all employees are in managerialprofessional occupations).
We obtain two indicators of exposure to neighborhood violence (violent crime rate and property crime rate per one thousand population) from the Piton Foundation's Neighborhood Facts Database. This database provides small area, annual estimates for a wide array of noncensus demographic, health, and criminal justice indicators for the neighborhoods that comprise the city and county of Denver. Piton data are aggregated to seventy-seven named community areas consisting of two census tracts, on average.
To get a sense of the places where our sample youth resided, we present descriptive statistics in the bottom panel of table 1. Variation is substantial around the means, indicating that the youth we analyze lived in a wide array of neighborhoods across the city and county of Denver. Nonetheless, DHA youth were also living in neighborhoods that were less diverse and advantaged relative to the typical youth living in Denver as a whole. The typical youth in our DHA analysis samples resided in a neighborhood that was approximately 27 percent foreign born, 14 percent African American, had relatively low levels of occupational prestige (mean=37) suggesting an occupational mix that was laborer intensive, and experienced moderate levels of social vulnerability (mean=123) suggesting some level of concentrated disadvantage. In contrast, the typical Denver resident lived in a neighborhood that was 16 percent foreign born, 12 percent African American, higher levels of occupational prestige (mean=41), and levels of social vulnerability that were 22 percent lower. Further, these youth resided in neighborhoods that had, on average, violent crime rates that were nearly twice the average for Denver as a whole (10.9 versus 5.6 per 1,000, respectively) and property crime rates that were about 5 percent higher (49.8 versus 46.8 per 1,000, respectively).
Youths' Risky Behavioral Outcome Measures
Caregivers in the Denver Child Study were asked about a variety of behavioral issues affecting children who were age eight or older at the time of the survey, for example, "Has your child ever (insert run away from home, used aggressive or violent behavior, used marijuana)? . . . If so, how old was your child when this first occurred?" The dependent variables of interest here are whether a child had initiated one or more of three risky behaviors between the ages of eight and eighteen: ran away from home, used aggressive or violent behavior, or used marijuana. We used the responses to these questions to estimate the prevalence of adolescent runaway, aggressive or violent behavior, and marijuana use as well as to determine the average age of initiation into each of these risky behaviors. We recognize the potential shortcomings of these behavioral indicators. First, they are subject to recall error by the caregiver survey respondent, though we intentionally chose outcomes for which this likely would be minimal. Second, they are based on caregiver perceptions of the behaviors. Although caregivers may have firsthand knowledge or child reports as the basis of these perceptions, their perceptions may not always be accurate, because children may deliberately hide some of these behaviors from them. Third, they are subject to caregivers' willingness to reveal socially sensitive behaviors of their children to the interviewer. Although all three concerns likely create considerable noise in our dependent variables, we assume no systematic pattern in these errors related to neighborhood indicators. Given the concerns about caregiver self-reports of these behaviors, however, we also report the prevalence rates and ages of initiation from the following sources: the National Longitudinal Survey of Youth 1997 (NLSY97) for running away (Pergamit 2010) ; the Project on Human Development and Chicago Neighborhoods data for aggressive and violent behavior (Molnar et al. 2008) ; and Colorado data from the National Survey on Drug Use and Health survey for marijuana use (Substance Abuse and Mental Health Services Administration 2013).
As shown in table 2, caregivers reported that approximately 7 percent of their children ran away from home during adolescence; the average age at time of first occurrence was 14.6 years. Nearly one in five (18 percent) youth used aggressive or violent behavior with the average age of initiation at 12.2 years. About one in ten using marijuana; the average age of initiation was 15.8 years. The prevalence rates for running away from home derived from NLSY97 data were similar: 7.8 percent but occurring at slightly younger ages (see table 2 ). Given considerable variation in the ways in which aggression and violent behavior are measured, there was no single source that provided comparable statistics for the prevalence of such behavior during adolescence. However, estimates from Beth Molnar and her colleagues (2008) provide some parameters from which to gauge our findings: approximately 14 percent of Chicago youth were identified as engaging in aggressive Note: Prevalence and age of onset were based on caregiver restrospective reports of these behaviors for children age eight and older at the time of the Denver Child Study survey.
a Self-reported prevalence rates for aggressive behaviors were derived from the Project on Human Development in Chicago Neighborhoods (Molnar et al. 2008) . Self-reported prevalence rates and age of onset for running away from home were estimated by Pergamit (2010) using data from the National Longitudinal Survey on Youth, 1997.
Prevalence rates for marijuana use for Denver youth derived from Substance Abuse and Mental Health Services Adminstration (2013).
s Pa t i a l f o u n d a t i o n s o f i n e q u a l i t y r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s behavior with an average age of initiation at twelve years. Prevalence rates for adolescent marijuana use in Colorado were 12 percent; the average age of initiation was 13.9 years. Although prevalence rates and initiation ages were similar for running away from home and marijuana use between Latino and African American youth, the reported use of aggressive or violent behavior was more than twice as high for African American youth (25 percent) relative to Latino youth (12 percent) in the study, though the mean age of initiation was similar.
Me thOds
We merged information regarding sampled households, caregivers, youth and their corresponding neighborhood environments to create a pseudo-longitudinal database in which the child-year becomes the unit of analysis. We used this database for modeling how the neighborhood to which a youth was exposed affected their hazard in engaging in our three risky behaviors during adolescence. The youth, caregiver, and household covariates served as controls.
Our analytical approach for causal identification exploits the DHA natural experiment that produces exogenous variation in neighborhood context. Specifically, we take three complementary approaches in measuring youths' neighborhood exposure. First, we measure all neighborhood indicators contemporaneously when the youth first engaged in the behavior, or at time-of-survey or age eighteen (whichever younger) if the youth never engaged in the behavior. This measure would be most appropriate if context generated behavioral effects occur fairly quickly and if any subsequent mobility patterns since initial DHA assignment were not substantially influenced by uncontrolled parental characteristics that also affected youths' behaviors. Second, we measure neighborhood as the indicators associated with the dwelling first offered to (not necessarily accepted by) the household. This measure would be most appropriate if context generated behavioral effects only after sustained, consistent exposure and change in context since initial assignment was minimal. Third, we measure neighborhood with instrumental variable (IV) estimates based purely on variables that were exogenous to all selection processes and were not themselves causally related to the risky behavior outcomes being analyzed (other than through their relationship to adolescent neighborhood context). This measure would be most appropriate if context generated behavioral effects through cumulative exposure but youth were exposed to temporally varying contexts due to residential mobility or in-place changes.
Our primary instrument was the corresponding set of neighborhood characteristics associated with the neighborhood first offered by DHA to the applicant. Our independent evaluation of DHA records shows that 75.5 percent accepted this first offered neighborhood from DHA. 3 We can safely assume that neighborhood characteristics first offered to applicants will be uncorrelated with their unobserved characteristics that might be associated both with whether they accept and remain in the offered neighborhood and economic outcomes for their children when they become young adults. Using similar logic, we specify as additional identifying instruments the calendar year when the DHA offer is first made. We emphasize that we only consider youths' initiation of running away from home, aggressive or violent behavior or marijuana use occurring after their families have been quasirandomly assigned to a DHA public housing unit, thereby preserving the value of the natural experiment for drawing causal inferences.
The results of our first-stage ordinary least squares (OLS) regressions of contemporaneous adolescent neighborhood context variables on the above instruments (and all the covariates in our second-stage model) are presented in appendix B. Overall results are encouraging: the R-squares range from 0.18 to 0.29 and all chi-squares are highly significant. Characteristics of the neighborhood first offered by DHA proved to be strong instruments for their corresponding characteristics during our sampled young adults' adolescence. Covariates mea-3. Although 69.5 percent accepted the originally offered DHA dwelling another 6 percent accepted the second unit in the same neighborhood as the first dwelling. r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h 1 81 sured at time of first offer and the calendar year of offer were weaker instruments for neighborhood characteristics during adolescence.
Cox Proportional Hazard and Accelerated Failure Time Specifications
Our analytical approach models the timing of a particular risky behavioral outcome at time t for an individual ij with covariate vector χ using a Cox proportional hazards model:
where λ(t|χ ij ) is the observed time of outcome (or the censoring time of age eighteen) for youth ij and λ 0 (t) is the baseline hazard. We then conducted a global chi-square test to ascertain whether the residuals of the Cox model violated the assumption of proportionality. If they did (as was the case of running away from home), we calculated accelerated failure time (AFT) models to estimate the extent to which the time to initiation of the risky behavior was accelerated or decelerated. 4 The AFT model is generally preferred to the Cox proportional hazard model with data that violate the assumptions of proportionality because it is more robust to omitted covariates and less sensitive to choice of probability distribution. In the AFT model, the outcome is the natural logarithm of the survival time t, which is expressed as a linear function of the covariates:
where all symbols are defined as before. In AFT models, a time ratio (TmR) greater than 1 means prolonged time to initiation while TmR < 1 means accelerated time to initiation of the risky behavior. Specifically, we use the frailties version of the AFT model to address the clustering of siblings within families.
We intentionally omit from our models any variables describing the youths' (parentally assessed) exposure to violence, fertility, educational performance, or other outcomes, inasmuch as these may themselves be affected by neighborhood environment. This way, we avoid over-controlling and thus minimizing the apparent influence of neighborhood on risky behavior. We can therefore interpret our models as akin to yielding reduced-form estimates of the degree to which neighborhood indicators correlate with running away from home, use of aggressive or violent behavior, or marijuana use through unspecified intervening causal pathways. Given the potential of multicollinearity across our neighborhood variables, we conducted several sensitivity tests that resulted in the exclusion of any predictors with variance inflation factors (VIFs) exceeding 5.
5 Finally, to provide the most parsimonious model and avoid maximum likelihood algorithm convergence problems, we model only a subset of youth, caregiver and household control variables that proved predictive. We experimented with a much more expansive set of controls in preliminary runs that are available on request. Given the theoretical rationale for exploring ethnic heterogeneity in neighborhood effects (Crowder and South 2003; Galster and Santiago 2006; Galster, Andersson, and Musterd 2010; Bennett 2011; Galster 2012; Small and Feldman 2011; Francois, Overstreet, and Cunningham 2012; Sharkey and Faber 2014) , and the issue related to nonrandom assignment of racial composition, we present stratifications of our analyses for Latino and African American youth. r esu lt s Standardized hazard and time ratios and robust standard errors for our models predicting whether the youth ever ran away from home, used aggressive or violent behavior or used marijuana during adolescence are presented 4. We use Stata's STREG algorithm with a lognormal model for the AFT model; for estimating the parameters, we use maximum likelihood.
5. We use the conventions for the VIF cutoff point and decisions to remove violating predictors that Peter Rogerson describes (2001) . There are two exceptions when theoretically important neighborhood indicators with VIFs exceeding 5 are retained in the models for running away and marijuana use: violent crime rates and social vulnerability. The VIFs for these two neighborhood indicators fall between 5 and 6. We conduct sensitivity analyses to assess the effects of including one or both of these indicators in our models and find no significant changes in the results.
in tables 3 through 5.
6 Each table compares estimated parameters across ethnic strata for three alternative specifications of neighborhood treatment: measured contemporaneously when the youth first engaged in the behavior or at time-of-survey or age eighteen (whichever was younger) if the youth never engaged in the behavior (model 1); at time of first offer (model 2), or cumulative exposure at time of initiation as reflected by our instrumental variables (model 3). Across all of the stratified models, overall model performance was acceptable as demonstrated by the log-likelihood values and statistically significant chi-square tests. Heterogeneity of estimated neighborhood effects depending on ethnicity is clear, as expected. Given concerns about potential selection bias, our discussion focuses on the re-6. The interpretation is that a 1 standard deviation change in the predictor is associated with the increase/decrease in hazard equal to the estimated standardized hazard ratio given in the table. In the AFT models, the time r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h 1 8 3 sults from our instrumental variable models. The magnitudes of the estimated neighborhood effects, however, do not differ substantially across the three models, especially when statistically significant parameters are compared. This suggests that the size of the neighborhood effects on outcomes investigated here are robust to alternative measures of a given indicator. Given space constraints, we discuss results for only neighborhood indicators, not covariates. As shown in table 3, the risk of running away from home was prolonged by about 9 percent for Latino youth residing in neighborhoods with more African American residents and by about 11 percent for African American youth residing in neighborhoods with more foreign-born and higher occupational status neighbors, respectively. Perhaps counterintuitively, the risk of running away was delayed for African American youth in more disadvantaged neighborhoods: a 1 standard deviation higher social vulnerability score was associated with a 23 percent delay in running away during adolescence. Several neighborhood characteristics were significant predictors of adolescent use of aggressive or violent behavior (see table 4). For African American youth, residence in neighborhoods with 1 standard deviation higher violent crime rates resulted in 2.1 times higher hazards of using aggressive or violent behavior. However, residence in neighborhoods with 1 standard deviation higher fractions of foreignborn residents or levels of social vulnerability reduced the hazards of initiating such behavior for African American youth by 42 and 52 percent, respectively. For Latino youth, a 1 stan- 
t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s organize our discussion around these thematic categories of neighborhood context. Some of our results were unexpected and challenging to explain, although lack of empirical consensus around the determinants of youths' risky behaviors has long characterized this field of study (see Leventhal and Brooks-Gunn 2000; Foster and Brooks-Gunn 2012; Oakes et al. 2015) .
Neighborhood Safety
The findings highlight the mixed roles of neighborhood safety on the hazards of engaging in risky behaviors during adolescence. Neighborhood violent crime rates exhibited a statistically significant and substantively large positive relationship with initiation of the use of aggressive or violent behavior among African American youth. Several underlying (not 
Neighborhood Social Status
Our results indicate that neighborhoods inhabited by higher status residents were associated with delayed incidence of running away from home for low-income African American youth. We posit that neighborhoods of higher social status may be associated with several mechanisms that could produce the observed relationship, including collective socialization, role modeling, and collective efficacy and social control of public spaces that provide neighborhood youth with heightened sense of security and belonging. Less intuitive is the negative relationship between neighborhood disadvantage and the initiation of risky behaviors such as running away or the use of aggressive or violent behavior by African American youth. Although this finding differs from several prior studies, others have reported that African American youth are less likely to engage in risky behaviors (for example, Allison et al. 1999; Bolland et al. 2007 ; Snedker, Herting, and Walton 2009)-observations that have been supported by national surveys on youth behaviors such as Monitoring the Future. The initiation of risky behaviors among African American youth in more disadvantaged neighborhoods may be mediated by the presence of family support networks or high-achieving friends within personal networks (Allison et al. 1999 ). Alternatively, lowincome African American youth may weigh the costs associated with initiating risky behaviors, including being subject to heightened police scrutiny as well as the consequences of such behavior on current and future educational or employment outcomes. Further, it may be that neighborhood disadvantage may operate differently for adolescents or be more relevant to engaging in risky behaviors later during the life course. Indeed, Jason Boardman and his colleagues argue that it is "unlikely that neighborhood disadvantage operate in the same way for all subgroups of the population and for all health outcomes and behaviors" (2001, 163) . Another potential explanation might revolve around the way we have measured neighborhood contexts: we have included many more neighborhood indicators (such as crime and occupational prestige) that enable us to unbundle the separate effect of a wider array of conditions found in vulnerable neighborhoods. Finally, we speculate that the observed relationship between neighborhood disadvantage and risky behaviors may have been produced by collective social norms involving the definition of the risky behaviors in question. If African American parents in socially vulnerable neighborhoods become less likely to define particular behaviors of their adolescents as running away, aggressive, or violent as a result of these norms, they will be less likely to report in our survey that their children have engaged in them. Put differently, this result may be an artifact of reporting created by a neighborhood effect.
Neighborhood Ethnic and Nativity Composition
Higher percentages of foreign-born neighbors substantially reduced the hazards of our lowincome African American adolescents engaging in any of the three risky behaviors investigated. Additionally, relationships were significant between African American composition of the neighborhood's population and initiation of aggressive or violent behavior and running away during adolescence for Latino youth. We find that higher percentages of these groups in the neighborhood are associated with a lower likelihood of engaging in any of these risky behaviors.
We think our results are consistent with the notion that a dominant ethnic-nativity group in the neighborhood can play powerful normative, role modeling, and behavioral monitoring functions whose impacts extend to other youth beyond those in the given group. For example, groups with multigenerational households and extended family networks (more likely Latino and immigrant in Denver) may more heavily monitor the behavior of all children residing in the neighborhood. A dominant group of ethnic minority-immigrant neighbors may serve as adult role models and make resources available to all resident low-income children of color, thereby enhancing collective socialization in the neighborhood. Immigrant families who maintain values and behaviors from their r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h 1 8 9 countries of origin may experience reduced intergenerational conflict, which is often linked to initiation of adolescent risky behaviors. Further, these families may continue to enforce strong cultural proscriptions regarding such behaviors with their second-generation children. These children, in turn, may serve as agents of "positive behavioral contagion" for other neighboring peers, even when they are in different ethnic groups.
cOnclusIOns, caV e ats, a nd fu t ure dIrec tIOns
Researchers have struggled with the daunting methodological challenges of obtaining unbiased estimates of the causal impact of neighborhood on adolescent risky behavioral outcomes, due primarily to incomplete controls for selection biases and little variation in the environments experienced by low-income, minority children over a sustained period. Moreover, previous research has not been able to examine how these neighborhood effects might vary for minority children who were not African American. An innovative public housing program instituted by the Denver Housing Authority provides a unique opportunity to explore both of these issues because the DHA housing allocation process mimics random assignment to a wide range of neighborhoods for Latino and African American families with children who apply for DHA housing. Moreover, families typically reside in DHA housing for nontrivial periods, thereby producing sustained exposure to context. We thus have an unusual opportunity to measure contextindividual behavior associations that are plausibly produced by causal relationships.
We use Cox PH and accelerated failure time models, stratified by ethnicity, to estimate parameters. Three alternative measures of each of our neighborhood indicators provide robustness tests. We find that cumulative exposure to multiple dimensions of neighborhood context (especially safety, social status, and ethnicity-nativity) predict whether adolescents run away from home, use aggressive or violent behavior, or initiate marijuana use.
Although we think that our methodological approach offers important advances in providing convincing evidence of causal connections between residential context and behavioral outcomes, we acknowledge that our study has weaknesses. The first is that our measures of youth behaviors are retrospectively reported by caregivers. We recognize that this can yield both random errors associated with the timing of onset and may also introduce inaccuracies in reporting whether the behavior occurred, particularly when such behaviors are illegal. To the extent that these random recall or reporting errors crept into our data, they would push the neighborhood effect findings toward null. Second, we do not investigate the frequency of these behaviors, because this is not recorded in our survey. Third, we do not attempt to probe in this paper potential pathways through which neighborhood environment may affect adolescent behavior through intervening outcomes, especially as they might play out through exposure to violence or school performance. We will address this last shortcoming in future work. Fourth, Denver is not a representative metro area; in particular, it does not exhibit large areas of extreme deprivation, which some others do.
Finally, despite these caveats our results clearly suggest that policymakers should be cognizant of neighborhood as an important developmental context affecting the behavioral outcomes of low-income minority adolescents. Each of the risky behaviors we examine is clearly influenced by more than individual or family characteristics. Moreover, we know that these behaviors create severe and durable physical and mental health problems that, in turn, inhibit intellectual growth, academic performance, and-ultimately-economic opportunities during adulthood (Partnership for Maternal, Newborn and Child Health 2011). Thus, by powerfully influencing risky behaviors, neighborhood plays an important role in shaping future opportunities and outcomes.
The daunting policy challenge is creating and opening access to neighborhood environments that can be more developmentally friendly to all youth (Cook and Wing 2012) . Our results imply that well-designed assisted housing programs (potentially involving both sitebased and voucher-based subsidies) and community redevelopment programs have the potential to expand the access to places that s Pa t i a l f o u n d a t i o n s o f i n e q u a l i t y r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s enhance opportunities for disadvantaged youth. On the one hand, scattered-site public housing programs like the one operated by the Denver Housing Authority have opened access to good-quality housing in a wider range of neighborhood contexts for thousands of lowincome youth and their families. Limits to the scope of assisted housing programs and rent subsidies, however, underscore the need to increase opportunity-rich neighborhoods for low-income families and their children through place-based neighborhood redevelopment and reinvestment. One recent example from the Denver context is the private-public partnership supporting the Mariposa redevelopment of the La Alma/Lincoln Park neighborhood. Replacing the South Lincoln Homes public housing development operated by the DHA, this project involved the creation of a multigenerational, mixed income neighborhood with new rental housing construction and neighborhood revitalization maximizing transit access, walkability and safety, healthy living, and economic sustainability. In addition to the nine hundred units of rental housing of varying sizes and prices that were built, neighborhood revitalization efforts included refurbishing local recreational facilities, parks, and the public library as well as the addition of public art, safe walking spaces, and community gardens. Workforce development activities have been targeted toward at-risk neighborhood youth and include vocational training for various careers in the arts industry as well as the culinary arts. All of these efforts are aligned with Patrick Sharkey's (2013) call for durable reinvestment in our most disadvantaged neighborhoods to stem the intergenerational transmission of neighborhood disadvantage.
a ppendI x a Investigating Quasi-Random Assignment in our DHA Natural Experiment Natural experiments have been advocated as a vehicle from which valid implications about causal neighborhood effects may be drawn (for example, Oakes 2004) . One should have assurance, however, that they in fact produce a quasi-random assignment of households across space. Such would convincingly minimize geographic selection bias by rupturing the association between neighborhood characteristics and unobserved individual characteristics, both of which might be correlated with the outcome under investigation. This appendix uses our natural experiment involving public housing in Denver and investigates whether it produced an essentially quasi-random allocation of both observed and unobserved household characteristics across neighborhood characteristics.
Several investigations of neighborhood effects using natural experiments have probed the degree to which quasi-random assignment was achieved (Oreopoulos 2003; Edin, Fredricksson, and Åslund 2003; Jacob 2004; Lyle 2007; Damm 2009 Damm , 2014 . Typically, the allocation processes in the natural experiments are described and probed in detail in an effort to uncover points at which nonrandom selections could occur. Regression analysis is then used in balancing tests to assess whether any nonzero relationships between observed individual characteristics and neighborhood characteristics signal nonrandom allocations. We use these strategies here and present another, original approach involving Monte Carlo simulation with typically unoserved individual characteristics.
Possibilities for Tenant Self-Selection and Staff Selection
First, we explore the possibility of selection arising because prospective tenants can potentially choose between two DHA units that may be located in quite different neighborhoods. Our independent evaluation of DHA records showed that 69.5 percent accepted their first offer from DHA, 18.8 percent accepted their second offer, 7.9 percent ended up rejecting both offers and taking a third offer later (after returning to the bottom of the wait list), and 3.8 percent rejected three or more offers before being placed. However, 75 percent accepted offers of units in the originally assigned neighborhood.
Perhaps more revealing is probing whether applicants ended up in neighborhoods they would have selected on their own. Before their initial assignment to a DHA dwelling, clients r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h were asked by DHA whether they had any geographic location preferences. DHA administrative data show that 42.5 percent of the clients in our sample did not articulate any locational preference, approximately 33 percent expressed general geographical areas (such as southwest Denver), and the remaining 23.5 percent provided responses that ranged from specific addresses to specific DHA developments. To assess whether those who stated a preference were assigned to a housing unit in their specified area, we follow the following procedures. For those who specified a particular address, we check to see whether that address was the DHA unit to which the client was initially assigned. For those who specified a preference for a particular DHA development, we use the unit number reported by DHA (which has an abbreviation of the development embedded in it) to assess whether the initial DHA unit was in that development. For those who specified a preference for a particular neighborhood, we rely on our survey data to determine whether the original DHA unit was in the specified neighborhood. Last, initially assigned DHA units were mapped to identify where they were within the Denver metropolitan area for those who specified a preference for a particular area. Once these assessments are complete, we calculate frequencies and percentages for those who specified a geographic preference and got it to occupy (N=190; 25.8 percent) and those who specified a geographic preference but did not occupy a housing unit that met that preference (N=233; 31.7 percent).
7 Because we cannot ascertain the geographic location of all potential DHA unit vacancies that arose during the times that each client was assigned to their initial unit, we cannot perform any formal statistical tests to determine whether the frequencies we obtained for those who were assigned their expressed preference were any different than what would be expected by chance. Nevertheless, we are encouraged by the roughly equal percentages of those expressing a geographic preference granted and not granted, suggesting the equivalent of a coin toss by DHA staff in each case.
A second potential source of selection can arise from the actions of DHA staff members. If occupancy staff members have multiple vacancies to consider at one time, they may make dwelling offers on the basis of observable characteristics of the applicants at the top of the waiting list or by systematically granting particular geographic preferences of applicants based on their characteristics. Although we cannot fully ascertain the extent to which this may have occurred from the administrative data available to us, we also cannot discount this as a possibility. Indeed, evidence from our balancing tests indicates that DHA staff did make some systematic neighborhood allocations on the basis of ethnicity. In sum, the DHA dwelling allocation process leaves room for selection. A nontrivial share of DHA applicants did not accept their first offer from DHA (30.5 percent) and ended up in a neighborhood they said they preferred (26 percent). It may also be that DHA staff practiced some selection in their dwelling offers, perhaps in response to expressed applicant preferences.
Relationships Between Individual and Neighborhood Characteristics
Even if some assignments to DHA developments or neighborhood were nonrandom, it would not necessarily follow that we would observe strong statistical relationships between observable DHA tenant characteristics and neighborhood characteristics. Thus, here we use a wide range of continuously measured neighborhood characteristics to probe their potential systematic covariation with characteristics of individual DHA families. Specifically, we use multivariate regression to estimate balancing tests of the statistical associations between twenty-seven individual household and eight characteristics of the neighborhoods first offered by DHA (see table  A1 ). The latter include characteristics of census tracts' population and housing, including our social vulnerability index score, percentage (non-Latino) African American population, percentage foreign-born population, percentage homes built before 1940, occupational prestige score, and property and violent crime 7. There are no significant ethnic differences in these percentages.
s Pa t i a l f o u n d a t i o n s o f i n e q u a l i t y r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s rates (see text for details). These regressions control for tenant characteristics that DHA uses in their allocation process (that is, disability status and number of bedrooms for which the family qualifies) because of the distinctive geographic differences in locations of variously sized and ADA (Americans with Disabilities Act) disabled-accessible DHA dwellings. A quasi-random assignment would be reflected in coefficients approximating zero and an insignificant F test for the set of applicant characteristics that were reputedly not used in the DHA dwelling allocation process.
Results are shown in table A1. Overall, of the 208 regression coefficients of individual household characteristics, 185 (89 percent) yielded coefficients that were statistically insignificant using the conventional p < 0.05 level. The clear violation of quasi-randomness was the consistently strong significance of the ethnicity of the DHA tenant in predicting almost every feature of the offered neighborhood. As a result, all F tests on the set of non-allocation variables rejected the null hypothesis of uniformly zero coefficients in all neighborhood characteristics except the percentage of units built before 1940.
We think that this finding may be partly explicable on the grounds that African American applicants could have expressed preferences for DHA dwellings in neighborhoods with higher percentages of blacks and that these preferences were systematically granted by DHA staff members. At least three reasons are plausible for why African American applicants' expressed preferences could have yielded offers in neighborhoods with somewhat higher percentages of black residents. The first is the desire to maintain close ties to kin, friends, and ethnically distinctive institutions. For example, second-generation DHA applicants may have desired to return to the same neighborhoods they came from expressly to maintain close ties with networks providing bonding social capital. Second, black applicants may have perceived a more welcoming, familiar environment in neighborhoods with higher percentages of residents from their same ethnic group. The converse of the same point is that African American applicants may feel less comfortable or welcome in neighborhoods with higher percentages of Latino residents. Third, the relationship may be partially spurious because many of the neighborhoods with higher percentages of black residents are located along the major residential and commercial growth corridor of Denver, which stretches east-northeast from the former Stapleton Airport redevelopment toward the current airport. These areas are likely attractive for nonethnic reasons. Many black DHA applicants likely had previously established intra-ethnic social networks in this corridor through which they learned about the attractive prospects for employment and quality of life there. 8 We also believe, however, that some systematic assignments may have been made by DHA staff on the basis of tenant ethnicity rather than expressed preferences. We reestimated our balancing tests for various strata of tenants: those expressing a geographic preference and receiving it versus those expressing either no preference or a geographic preference and not receiving it; and those who accepted the first dwelling offered by DHA and those who did not. In all cases (except those who rejected the first offer), the strong correlation between African American tenants and neighborhood ethnic composition persisted. We have no information about why DHA staff members may have steered applicants to neighborhoods where their ethnic group was more concentrated, regardless of their expressed preferences, but we think the evidence persuasive.
Indeed, the central issue remains whether the DHA allocation process succeeded in eliminating the correlation between unobserved tenant-child caregiver characteristics and neighborhood characteristics. In this realm we think this was highly likely. Table A1 shows thirteen characteristics of caregivers that were virtually impossible to observe by DHA and by r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h 1 9 3 most researchers using public-access observational data to investigate neighborhood effects; we demarcate these as "characteristics not observed by DHA." Only four of the associated 104 coefficients (4 percent) for this set of typically unobserved characteristics were significantly different from zero using conventional standards. The F tests on this subset of applicant characteristics could not reject the null hypothesis of their coefficients jointly equaling zero in all cases except one (occupational prestige).
Regardless of underlying cause, what does our finding of neighborhood ethnic composition nonrandom selection on the basis of tenant ethnicity imply for our analysis? Can we say that we have quasi-random assignment conditional on ethnicity of tenant? The answer is yes (see tables A2 and A3). We repeat our balancing tests for black and Latino tenants separately. For both strata, only 6 percent of the coefficients of individual household characteristics proved statistically significant at conventional levels, and only 4 percent of the unobserved characteristics did so, results easily due to chance. Moreover, for the majority of neighborhood characteristics in both strata, F tests fail to reject the null hypothesis of jointly zero coefficients of all individual tenant characteristics. For all neighborhood characteristics but one, F tests fail to reject the null of jointly zero coefficients of all unobserved individual characteristics.
We therefore conclude that this regression evidence suggests the DHA allocation process produced a quasi-random assignment across geography, with the exception of one characteristic observable by the DHA-ethnicitythat is easily controlled in our analyses. Even more importantly, we conclude that the DHA allocation process produced a quasi-random assignment across geography in terms of individual characteristics not observable by the DHA but observable to us from our survey. This gives us some confidence that any additional household characteristics we do not observe in our study are similarly quasi-randomly allocated across neighborhood characteristics. Our confidence is further bolstered by the Monte Carlo experiments.
Relationships Between Neighborhood and Typically Unobserved Individual Characteristics Using Monte Carlo Simulation
Here we present the results of a complementary test of the degree to which characteristics of caregivers in our sample that typically are not observed in neighborhood effect studies are correlated with characteristics of their neighborhoods at the time of initial assignment by DHA. The balancing test uses multiple regression to assess the partial correlations of individual caregiver characteristics with a given neighborhood characteristic, assuming that each of the former were relatively independent. By contrast, the complementary test described here takes as given the combination of caregiver characteristics, hypothetically allocates this bundle randomly across DHA locations in repeated Monte Carlo trials, estimates the hypothetical pairwise correlations (and standard errors) of the individual and neighborhood characteristics that result, and then compares the actual pairwise correlations to these randomly generated reference points to see whether they are similar.
The intuition guiding this procedure is as follows. An actual random assignment of DHA applicants to DHA dwellings will likely produce by chance a few nonzero pairwise correlations between DHA household characteristics and neighborhood characteristics. A Monte Carlo simulation repeating such random assignments will generate bootstrapped standard errors of correlations across all the permutations of these characteristics. If the actual correlations fall within the respective confidence intervals produced by the simulation, we will fail to reject the null hypothesis that the DHA assignment process yielded a quasi-random geographic assignment of households.
In particular, we implement this strategy as follows. We again consider the unobserved (by DHA and typically in other studies) characteristics of caregivers and census tracts noted earlier.
For each of three family sizes of DHA tenants (less than two, two, or three or more children), we calculate the Pearsonian correlation between each pairwise combination of caregiver characteristics and neighborhood characteristics observed when the DHA first assigned our sample (Text continues on page 200.) Notes: F test' based on variables listed as "observed caregiver characteristics not used for DHA assignment" and "caregiver-family characteristics not observed by DHA."
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F test" based on variables listed as "caregiver-family characteristics not observed by DHA."
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F test" based on variables listed as "caregiver-family characteristics not observed by DHA." *p < 0.05; **p < 0.01; ***p < 0.001 r s f : t h e r u s s e l l s a g e f o u n d a t i o n j o u r n a l o f t h e s o c i a l s c i e n c e s r i s k y b e h av i o r s a m o n G l a t i n o a n d a f r i c a n a m e r i c a n y o u t h households to their DHA units. As a comparative benchmark for these correlations, we conduct Monte Carlo simulations in which each sample household was randomly assigned to one of the DHA units (for the appropriate family size) with its associated bundle of neighborhood characteristics that we observed for the year corresponding to when the initial assignment of household in our study actually occurred. 9 After all households were randomly assigned during each iteration, we calculate correlations for all pairwise combinations of caregiver and neighborhood characteristics. We use ten thousand repetitions of these simulations to produce distributions for all such pairwise correlations and their associated bootstrapped standard errors. This allows us to estimate: a 95 percent confidence interval for each correlation; and how many significantly different pairwise correlations among all the permutations would be expected by chance when produced by a random assignment process.
The results are presented in table A4. Caregiver characteristics are listed in rows and the three family-size strata in columns. The cells show for how many of the possible neighborhood characteristics the initial DHA assignment produced an actual correlation with the given caregiver characteristic that was significantly different from zero at the 5 percent level (two-tailed test); the actual correlation coefficient and the neighborhood characteristic involved are reported in these cases. The exhibit shows that for families with no or one child and families with two children, only eight (5 percent of possible correlations) were statistically different from zero; the corresponding figure for families with three or more children was twelve (8 percent of possible correlations). Our simulations show that in more than 98 percent and 95 percent of the cases, respectively, a larger number of statistically significant correlations were produced by random assignment. This strongly indicates that the relatively rare nonzero correlations we observe from initial DHA allocations of tenants to neighborhoods (table A1) are consistent with those that would have been generated by a process of random assignment. These results suggest that the DHA natural experiment likely removed the correlation between any unobserved caregiver characteristics (which we cannot control in our Denver study) that may potentially affect both initial DHA neighborhood characteristics and subsequent youth outcomes.
Conclusions
Natural experiments involving residential placements under the auspices of some public program offer potentially powerful vehicles for measuring neighborhood effects because they can rupture the association between unobserved characteristics of the individuals being studied and characteristics of their neighborhood. We investigate in this appendix the extent to which a natural experiment involving public housing in Denver offers such potential.
Our analysis of the Denver Housing Authority's dwelling allocation procedures reveals room for tenant self-selection or DHA staff selection to enter. We find that, conditioned on ethnicity, the DHA allocation process produced a quasi-random initial offer of neighborhood characteristics. The empirical implication is that our models estimating neighborhood effects using the current data must control for ethnicity to avoid geographic selection bias. We, in fact, do so in all analyses we conduct.
Even more importantly, two complementary analyses indicate that the DHA allocation process produced a quasi-random assignment across neighborhood conditions in terms of individual characteristics not observable by the DHA (but observable to us from our survey data). This gives us confidence that any additional household characteristics we do not observe in our study are similarly quasi-randomly allocated across neighborhood characteristics. In other words, we are confident that the DHA dwelling allocation process sufficiently limited the possibility that some characteristics of the caregiver we cannot observe are so strongly correlated with both youths' outcomes and the neighborhood in which they resided that it would confound our causal interpretation of neighborhood effects. Neighborhood of first offer Source: Authors' calculations. Note: Standard errors in column 2 for each dependent variable. All chi-square statistics are significant at the p < 0.001 level. * p < 0.05; ** p < 0.01; *** p < 0.001
